Abstract:
I estimate the transmission of large global volatility shocks in international equity markets from the earlier (pre-1914) to the modern era of globalisation. To that end, I identify 43 such shocks over the period 1885-2011, defined as significant increases in unanticipated volatility in US equity markets, which I relate to well-known historical events. My estimates suggest that the response of global equity markets to these shocks in a panel of 16 countries is both statistically significant and large economically. On average, global equity market valuations correct by about 20% in the month when a shock occurs. There is substantial heterogeneity in responses both across countries and time, however, which can be partly explained by differences in global trade integration. I find no evidence that other potential theoretical determinants, such as output composition, country fundamentals or global policy responses matter, by contrast. These results shed light on a neglected aspect of globalisation, which creates opportunities but also heightens the exposure of economies to acute surges in global uncertainty and risk aversion.
Non-technical summary
One of the most distinctive features of the financial crisis that engulfed the global economy after the collapse of Lehman Brothers in Autumn 2008 is to have pushed global uncertainty and risk aversion to historic levels. In the month following the collapse of Lehman Brothers, the VIX -an index of implied volatility on a hypothetical at-the-money option on the S&P 500 commonly used as a yardstick of market uncertainty and risk aversion-reached an all-time-high, at over 80% per annum. Although this acute surge in global uncertainty and risk aversion was initially restricted to a very small segment of US financial markets -the sub-prime mortgage market-it rapidly spread to virtually all economies with overwhelming intensity, prompting large corrections in asset valuations, notably in the equity markets.
What is especially intriguing, however, is that one could not have taken for granted that such developments would necessarily have had massive repercussions on a global scale. Some historical precedents suggest that the opposite could have well occurred. US stock market volatility by the time of October 1929's Black Monday surged even higher than after the collapse of Lehman Brothers, for instance. But the international equity market response was then muted at best. What can possibly explain such a strikingly large difference? And more generally, how are large global stock market volatility shocks transmitted across countries and time?
This paper estimates the transmission of large volatility shocks across global equity markets from the earlier (pre-1914) to the modern era of globalisation. In so doing, it focuses on stock market volatility shocks of historically exceptional proportions. The empirical framework is based on a two-factor (global and regional) model with countrytime-varying loadings. This model is used to estimate the international transmission of 43 exceptionally large global volatility shocks to the equity markets of 16 economies over the period January 1885-October 2011.
Shocks are defined as months when unanticipated volatility in US stock markets was exceptionally high in statistical terms, as in Bloom (2009) . Their proximate source is identified using narratives of relevant articles from the New York Times' online archives, which provide information on their date and the event reported to be at their origin. The extensive dataset presented in this paper on tail volatility events in equity markets over such an extended period is one of its key novelties.
A nice feature of the methodology is that it allows for a clean identification of a set of exogenously large global stock market volatility shocks, along with their explicit reported source. In terms of nature, we have both economic and non-economic shocks (e.g. terrorist attacks, wars, political shocks). In terms of location, we can distinguish between shocks originating in the US and shocks originating outside the US, but common to all equity markets. Non-economic shocks are arguably exogenous in the purest sense, but since virtually all of the economic shocks originate from the US, they are also exogenous to equity markets outside the US.
Overall, the estimates suggest that the response of global equity markets to large global volatility shocks is both statistically significant and large economically. On average, global equity market valuations correct by about 20% in the month when a shock occurs. There is substantial heterogeneity in responses both across countries and time, however, which can be partly explained by differences in global trade integration.
There is no evidence that other potential theoretical determinants, such as output composition, country fundamentals or global policy responses matter, by contrast. That global trade integration is found to be a key determinant of the intensity of the response of international stock markets to large global volatility shocks sheds light on a neglected aspect of globalisation, which creates opportunities, but also heightens the exposure of economies to acute surges in global uncertainty and risk aversion.
Previous literature had shown that global political uncertainty was reflected in the equity return volatility of trade-dependent domestic industries, suggesting that trade brings in foreign political risk. The paper's contribution is to show how important globalisation has been in transmitting large volatility shocks across equity markets, as indicators of acute surges in global uncertainty and risk aversion. Equity markets of economies highly open to global trade have been significantly more affected than those of more closed ones by large global stock market volatility shocks over the last 130 years.
Moreover, earlier literature based on post-1970 data had provided evidence that global equity market co-movements tended to increase as the global economy had become increasingly integrated, notwithstanding significant time-variations. The much longer perspective taken in the paper also allows addressing a possible bias in this literature, which relates to its focus on a distinct period when globalisation had been trending upwards relentlessly. To our best knowledge, it shows here for the first time how crucially conditional betas -the estimated exposure, based on international trade linkages, of local equity markets to global and regional equity market developments-have varied not only with phases of expansion of globalisation, but also with phases of retrenchment, as in the interwar period. This suggests that global financial markets may experience very protracted phases of integration, but also fragmentation.
From a policy perspective, the results presented in this paper might be helpful in identifying countries that may be particularly vulnerable to acute surges in global uncertainty and risk aversion, thereby deserving specific attention in multilateral surveillance exercises of global financial spillovers.
I. Introduction
One of the most distinctive features of the financial crisis that engulfed the global economy after the collapse of Lehman Brothers in Autumn 2008 is to have pushed global uncertainty and risk aversion to historic levels. To paraphrase Chairman Bernanke, himself quoting a former US Secretary of Defence, the period after Lehman's bankruptcy was one of "profound uncertainty" associated with just too many "unknown unknowns" (Bernanke, 2010) . In the month following the collapse of Lehman Brothers, the VIX -an index of implied volatility on a hypothetical at-the-money option on the S&P 500 commonly used as a yardstick of market uncertainty and risk aversion-reached an alltime-high, at over 80% per annum.
A particular trait of this acute surge in global uncertainty and risk aversion is that it had been initially restricted to a very small segment of US financial markets, the subprime mortgage market. But it rapidly spread to virtually all economies with overwhelming intensity, prompting large corrections in asset valuations, notably in the equity markets.
What is especially intriguing, however, is that one could not have taken for granted that such developments would necessarily have had massive repercussions on a global scale. Some historical precedents suggest that the opposite could have well occurred. US stock market volatility by the time of October 1929's Black Monday surged even higher than after the collapse of Lehman Brothers, for instance. 1 But the international equity market response was then muted at best. In October 1929, global equity markets outside the US corrected by a mere 5% on average. In October 2008, in the wake of Lehman's collapse, the correction of global equity markets was five times larger, at about 25%. What can possibly explain such a strikingly large difference? And more generally, how are large global stock market volatility shocks transmitted across countries and time?
Part of the explanation is that the world economy was far more globalised in 2008 than in 1929. Trade openness in advanced economies -defined as the sum of exports and imports scaled by GDP-was twice higher in 2009 than in 1929 (i.e. 80% vs. 40%), to take just one metric. This paper's intended contribution is to show how important globalisation has been in transmitting across equity markets large global volatility shocks, as indicators of acute surges in global uncertainty and risk aversion.
Since we consider global equity markets, one strand of literature to which the paper clearly relates is that on international financial spillovers. The large body of research on volatility spillovers and contagion dates back at least to Engle, Ito and Lin (1990) or Masulis, Hamao and Ng (1990) . Countless papers have been written (see e.g. Rigobon, 2002, and Ng, 2005 , for two recent influential contributions, as well as Forbes, 2012) to propose quantitative measures of contagion (see Dungey et al., 2004 , for a survey), or theories to explain it (e.g. Allen and Gale, 2000, or see Karolyi, 2003 , for a survey).
My paper focuses on one specific angle of the issue. It does not consider stock market volatility shocks in general, but only those of really historic proportions, as in Bloom (2009) . To motivate his theoretical model about how uncertainty affects agents' decisions, Bloom estimates the impact of 16 really major US stock market volatility shocks between 1962 and 2008 on US real macroeconomic variables. These shocks include e.g. the Cuban missile crisis of 1962; the assassination of President Kennedy in 1963; the 1973 oil-price shock or the 9/11 terrorist attack. This paper's perspective is yet different in several respects. I aim to add a global financial dimension to the issue by examining spillovers across equity markets of large global stock market volatility shocks, not their domestic real impact. This paper is in the spirit of Boutchkova et al. (2012) who, in examining how local and global political risks affect industry equity return volatility in some 50 countries between 1990 and 2006, found that global political uncertainty (elections and political risk in trading partner countries) is reflected in the return volatility of trade-dependent domestic industries, suggesting that trade brings in foreign political risk. 2 Moreover, in looking exclusively at tail shocks, i.e. those of historic proportions, I explicitly take an even longer view than Bloom (2009) , going back to 1885. My sample embraces what economic historians sometimes call the "first era" (pre-1914) of globalisation (see e.g. O' Rourke and Williamson, 2001) up to the modern globalisation era. Such a long perspective is insightful because very large global shocks in equity markets occur relatively infrequently, which implies that one has to go sufficiently back in time to identify a reasonably decent number of such shocks to draw reliable inference.
Alongside the literature on international financial spillovers, another strand of research to which this paper is related is that on global market integration. A large array of studies have shown evidence the global equity market co-movements have tended to increase as the global economy became increasingly integrated, notwithstanding significant time-variations (see e.g. Bekaert and Harvey, 1995 , 2000 Ng, 2000; Fratzscher, 2002; Bekaert, Harvey and Ng, 2005; Bekaert, Hodrick and Zhang, 2009; Baele and Inghelbrecht, 2009 ). But globalisation is characterised by long-run historical cycles: significant progress up to 1914; massive retrenchment in the interwar period; a substantial revival after 1945; and with the onset of the global financial crisis of 2007-09, some have openly discussed risks of "de-globalisation" (e.g. Van Bergeijk, 2010) . The focus of the extant literature on global market integration on post-1970 data, when globalisation was always trending upwards, creates a possible bias, however. It tilts estimation results towards finding increasing global market integration in the data. Therefore, the much longer perspective taken in this paper allows gauging the impact of globalisation's progress and retrenchment on global equity markets in a more comprehensive manner, which is also one of its key contributions. In so doing, I provide price-based measures of global financial market integration over a full century, which might help address limitations of quantity-based or regulation-based measures (see e.g. Prasad, Rogoff, Wei and Kose, 2007; Kose, Prasad, Rogoff and Wei, 2009 ).
To estimate the transmission of large global stock market volatility shocks in international equity markets from the earlier (pre-1914) to the modern era of globalisation, my empirical framework makes use of a two-factor (global and regional) model with country-time-varying loadings. This approach draws from the class of models developed in Bekaert and Harvey (1995) , Bekaert, Harvey and Ng (2005) , Bekaert, Hodrick and Zhang (2009) and Bekaert, Ehrmann, Fratzscher and Mehl (2011) . I use this model to estimate the international transmission of 43 large global stock market volatility shocks which I can identify over the period January 1885-October 2011.
More specifically, the shocks are defined as months when unanticipated volatility in US stock markets was exceptionally high in statistical terms, as in Bloom (2009) . The proximate source of the shocks is identified using narratives of relevant articles from the New York Times' online archives, which provide information on the date of the shock, the event reported to be at its origin, its nature and its location. The new extensive dataset presented in this paper on tail volatility events in equity markets over such an extended period is the third of its contributions.
A nice feature of my paper's methodology is that it allows for a clean identification of a set of exogenously large global stock market volatility shocks, along with their explicit reported source (nature and location). In terms of nature, I have both economic and non-economic shocks (terrorist attacks, wars, political shocks). In terms of location, I can distinguish between shocks originating in the US and shocks originating outside the US, but common to all equity markets. Non-economic shocks are arguably exogenous in the purest sense, but since virtually all of my economic shocks originate from the US, they are also exogenous to equity markets outside the US.
To anticipate on the paper's main results, my estimates suggest that the response of global equity markets to these shocks in a panel of 16 countries is both statistically significant and large economically. On average, global equity market valuations correct by about 20% in the month when a shock occurs. There is substantial heterogeneity in responses both across countries and time, however, which can be partly explained by differences in global trade integration. I find no evidence that other potential theoretical determinants, such as output composition, country fundamentals or global policy responses matter, by contrast. These results shed light on a neglected aspect of globalisation, which creates opportunities but also increases the exposure of economies to acute surges in global uncertainty and risk aversion.
The rest of the paper is structured as follows. Section II explains the methodology to identify the set of large global stock market volatility shocks. Section III describes the empirical framework and the data. Section IV reviews the empirical results. Section V concludes and draws implications for research and policy.
II. Identification of large global stock market volatility shocks
My measure of large global stock market volatility shocks borrows directly from that proposed by Bloom (2009) . Equity market volatility is the "canonical measure" used by practitioners to proxy for uncertainty in financial markets (Bloom, 2009, p. 623 ), although it obviously may reflect both uncertainty (i.e. the quantity of risk) and risk aversion (i.e. preferences towards risk) at the same time (see e.g. Bekaert, Hoerova and Scheicher, 2009; Bekaert, Hoerova and Lo Duca, 2011) .
In addition, Bloom (2009) together with Bloom, Bond, and Van Reenen (2007) showed that equity return volatility is significantly correlated with alternative uncertainty proxies at the micro level. These proxies include real sales growth volatility, the crosssectional spread of industry productivity growth, (pre-tax) profit growth or financial analysts' forecasts. Equity return volatility is also significantly correlated with other uncertainty proxies at the macro level, such as the degree of disagreement among professional forecasters about their GDP forecasts. I strive to follow Bloom's methodology to identify major stock market volatility shocks in a comparable way. The identification focuses on the US equity market to ensure that shocks are exogenous for other countries, in line with the dominant weight of the US in the global economy throughout the sample. In so doing, I extend Bloom's sample almost threefold, from 1962-2008 to 1885-2011. I first create a US equity market volatility series over 1885 -2011 . As in Bloom (2009 , I take implied volatility from 1986 onwards (i.e. the "VXO" index published by the Chicago Board of Options Exchange, an index of implied volatility on a hypothetical at-the-money option on the S&P 100). 3 As the VXO index is not available prior to 1986, I again follow Bloom (2009) in using realised volatility beforehand, which is calculated as the monthly standard deviation of daily S&P 500 index returns (available from Global Financial Data), normalised to the same mean and variance as those of the VXO index over the period 1986-2011. It is important to note that using instead realised volatility throughout has no bearing on the results. It is basically the same events that are identified, ultimately (see Figure A4 in the appendix). The reason is that implied and realised volatility (albeit being very different economic concepts, arguably) are highly correlated (with a correlation of 0.89 over 1987-2011), i.e. they surge at the same time and end up picking the same events.
I then create a dummy variable that takes a value of 1 if unanticipated equity market volatility is significantly high, i.e. in excess of 1.65 standard deviations above the Hodrick-Prescott detrended mean of the volatility series (with λ = 129,600). 4 These are the major stock market volatility shocks. Some of the shocks occur during one month only, but many others last several months. To avoid counting the same shock twice, I consider only the first month in which unanticipated volatility was significantly high (with a 6-month exclusion window). Overall, I can identify 43 major stock market volatility shocks, which are reported in Table 1 . As I also want to take into account the magnitude of the shocks in the estimation, I scale the 0/1 dummy by unanticipated stock market volatility divided by its standard deviation. The resulting series is then expressed in terms of units of standard deviation of unanticipated volatility (where 1 standard deviation roughly equals a 6.5% monthly equity price change), which I will refer to as "σ units".
To gauge what the sources of those shocks are, I resort to narratives found in newspapers' articles published at the time when they occurred. Since we are looking at a very long sample that spans over a 125 years, I use the archives of the New York Times available online. 5 For each event, I create a database of relevant articles containing information on the date of the shock, the event reported to be at its origin, its nature and location (the database is available from the author upon request).
A nice feature of the methodology is that it allows for a clean identification of a set of exogenous major stock market volatility shocks, along with their explicit reported source (nature and location). In terms of nature, the shocks are classified into economic shocks (including on oil prices) and non-economic shocks (terrorist attacks, wars, political events). In terms of location, they are classified into shocks originating in the US and shocks originating outside the US, but common to all equity markets (such as the Russian revolution of 1917 or the invasion of France by Germany in 1940 at the onset of World War II). Arguably, the shocks which are exogenous in the purest sense are the non-economic ones. But since virtually all of my economic shocks originate from the US, they are exogenous to equity markets outside the US. 6 Figure 2 plots the 43 large global stock market volatility shocks which I could identify (in addition, Figure A3 in the appendix also plots the equity market volatility series, i.e. the raw undetrended series, its HP trend and unanticipated volatility, i.e. the detrended series, over time).
To what extent can these shocks be interpreted economically? Undoubtedly, they are observable measures of tail volatility events that are potentially relevant globally. However, it is unclear as to whether they reflect acute surges in uncertainty or in risk aversion, i.e. in the amount of risk or attitudes towards risk, or even a combination of both. Recent studies (Bekaert, Hoerova and Scheicher, 2009; Bekaert, Hoerova and Lo Duca, 2011) have proposed methodologies that aim at disentangling risk aversion from uncertainty. They use implied volatility measures or expectations survey data that are not available for the largest part of my sample, unfortunately. However, those studies found on post-1990 data that both risk aversion and uncertainty are positively correlated and that they also tend to surge at the same time (see Bekaert, Hoerova and Lo Duca, 2011, p. 29) . This suggests that my shocks are likely to reflect a combination of uncertainty and risk aversion, i.e. of market environments when both are simultaneously exceptionally high. Insofar as the purpose of my paper is solely to study how these observable shocks are transmitted across equity markets, I do not take a stance on their ultimate economic interpretation and refer to them throughout as "large global stock market volatility shocks", which may reflect acute surges in both global uncertainty and risk aversion.
III. Empirical framework

Simple factor model
The starting point of my empirical framework draws from the class of models developed in Bekaert and Harvey (1995) , Bekaert, Harvey and Ng (2005) as well as in Bekaert, Hodrick and Zhang (2009) .
It consists of a two-factor model with country-time-varying loadings that looks as follows:
(1) with 6 One exception is the European sovereign debt crisis of September 2011.
where R i,t is the excess return of country i in month t (the equity return less the 10-year long term bond yield in monthly units 7 ); E t-1 [R i,t ] is the expected excess return, measured as a country specific constant α i ; F glo is the global stock market excess return; F reg is the regional stock market excess return; and D t are time effects that control for other potential common factors.
This general model allows for country-time-varying beta exposures to global and regional factors, and can capture full or partial global market integration or regional integration as well as changes in the intensity of integration through international trade linkages. From an asset pricing theory perspective, if β reg = 0, Eq. (1)-(2) become a world CAPM model with the global factor as benchmark; and if β glo = 0, Eq. (1)-(2) become a regional CAPM model, with the regional factor as benchmark.
I take as the global factor F glo the first principal component of the 16 country-level excess returns, excluding the returns of country i itself (to avoid adding up spurious correlations between the right hand side and left hand side of Eq. (1)). The first principal component is a good summary measure of the variability of the equity market returns across countries, capturing typically 40% of their variance. Note that I choose to resort to principal component analysis rather than market capitalisation-weighting because data on market capitalisations are not available for my full sample of countries over 125 years, and in the absence of obvious alternatives. 8 In one of the robustness checks, I will also take the US market return as an alternative to the global market return.
As regards the regional factor F reg , I split my sample into three regions: Europe (Austria, Belgium, Denmark, Finland, France, Germany, Italy, Netherlands, Norway, Spain, Sweden, Switzerland, UK); Northern America (US, Canada) and Asia-Pacific (Australia, Japan). Europe's regional factor is calculated as the first principal component of the 13 European country excess returns, excluding the returns of country i itself. Since there are only two countries in the Northern America and Asia-Pacific regions, I take the US (Canada) as the regional factor for Canada (the US), as well as Australia (Japan) as the regional factor for Japan (Australia).
As is customary in the literature, in order to obtain an intuitive interpretation of the loading estimates and avert multicollinearity, the regional factor is orthogonalised with respect to the global factor by regressing the former on the latter over the full sample and then using the residuals as the regional factor (as in e.g. Ng, 2005, or Bekaert, Hodrick and Zhang, 2009 ). In other words, we have: F reg ⊥ F glo . In estimating Eq. (1)-(2), I report standard errors that are robust to heteroskedasticity and clustered heterogeneity.
Clearly, stock markets are affected by non-linearities, with market returns being everywhere near the tails of any potential ex-ante distribution at times of crises or large volatility periods. I am not trying with this framework to explain such non-linear effects at all, however. Just as in Bekaert, Harvey and Ng (2005) , Bekaert, Hodrick and Zhang (2009) and Bekaert, Ehrmann, Fratzscher and Mehl (2011) , my benchmark partial equilibrium model linking asset returns to factors is linear indeed, but it is a reduced-form factor model, in which non-linearities are accounted for through the return factors.
The reduced form nature of the model implies that I stop short of trying to explain why the factor returns jumped or were extremely negative/positive. But I can use this model to investigate the response of different countries to the (extreme) movements in these returns, especially when large global stock market volatility shocks occurred. In fact, the model does a pretty good job at explaining co-movements between global equity markets and the shocks, appearing to get their first-order effects correctly (i.e. it explains over 50% of return variation when the shocks occur, as it will be shown in section IV below).
Decomposition model
Of course, the global and regional factors are potentially affected by the 43 large global stock market volatility shocks themselves. To assess specifically the impact of these shocks on global equity markets -as well as their determinants, which may or may not be different from those shaping global and regional market interdependence-we need to decompose global equity return co-movements into a part driven purely by the factors and another one driven by the large global stock market volatility shocks specifically.
To that end, I draw on the model proposed in Bekaert, Ehrmann, Fratzscher and Mehl (2011) to disentangle "normal" interdependence from contagion in global equity return co-movements and modify Eq. (1)-(2) to the form
where we now have a third country-time-varying loading
and where I have also added variable u t , i.e. the large global stock market volatility shocks defined in section 1.
Insofar as the large global stock market volatility shocks are exogenous (being either common or US shocks), it is economically sensible to orthogonalise the factors with respect to the latter to achieve my decomposition of global equity market return comovements. The global factor is orthogonalised with respect to the large global stock market volatility shocks by regressing the former on the latter over the full sample and then using the residuals as the global market factor. The regional factor is orthogonalised with respect to both the large global stock market volatility shocks and the global factor by regressing the former on the latter two over the full sample and then using the residuals as the regional factor. In sum, we have F glo ⊥ u and F reg ⊥ u, F glo . The factor orthogonalisation estimates are reported in Table A1 of the Appendix. In estimating (1)-(2)-(2') I again report standard errors that are robust to heteroskedasticity and clustered heterogeneity.
Instruments
Cross-country differences in the intensity of global or regional market integration and changes over time in this intensity, i.e. the beta loadings of Eq. (2), are captured through standard international trade linkage "instruments" (as in e.g. Ng, 2005, or Baele and Inghelbrecht, 2009 ). 9 These include a constant, as well as the trade openness ratio X glo (the sum of exports and imports scaled by GDP) and the share of regional trade X reg (the sum of regional exports and imports scaled by total trade). As these variables are available at the annual frequency, they are lagged by one year to avoid endogeneiety (i.e. we have in Eq. (2): τ -1 = t -12).
The reaction of global equity markets to large global stock market volatility shocks, captured in the gamma loadings of Eq. (2'), can also vary across countries and time through international linkages. One hypothesis is that large global stock market volatility shocks hit hardest those economies that are highly interdependent through trade and financial linkages. Several researchers have stressed the increased vulnerability to crises that comes with financial and economic integration (see Mendoza and Quadrini, 2010 , for a theoretical analysis). In particular, the trade channel has often been associated with international spillovers and contagion (see Kaminsky and Reinhart, 2000; Forbes, 2004 and 2012; Baele and Inghelbrecht, 2009; . The financial channel is arguably also important, but poor data availability for my 125 year-sample makes it far more difficult to measure. 10 I therefore focus here on trade linkages and use the share of bilateral trade with the US (i.e. a measure of direct exposure to large global stock market volatility shocks originating from the US) and the trade openness ratio (i.e. a measure of direct exposure to large global stock market volatility shocks originating from outside the US) as instruments for the gamma loadings.
But there are several other theoretical channels and potential instruments to consider, in addition, which I also include in vector Z of Eq. (2').
One instrument pertains to output composition, namely the share of durables in the economy, which aims to capture the importance of non-convexities in labour and capital adjustment costs. Bloom (2009)'s recent theoretical contribution suggests that non-convexities are a key determinant indeed of firms' decisions at times of high uncertainty. As he puts it, firms only hire or invest when conditions are sufficiently good and fire or disinvest only when they are sufficiently bad. When uncertainty is higher, they wait and do nothing. This is particularly the case in the durable goods sector, since these are the goods "we can wait to replace" (Bloom, 2011) . The share of durable goods in the economy might therefore be a good proxy of the share of economic activity particularly prone to be affected by large global stock market volatility shocks, due to non-convex labour and capital adjustment costs.
Another set of instruments pertains to country's fundamentals. Interdependence between economies may arguably unfold not only through real and financial linkages, but also through the relative soundness of domestic fundamentals. This is the so-called "wake-up call" hypothesis, which states that a shock initially restricted to one country provides new information that may prompt investors to reassess the vulnerability of other countries, which then spreads the shock across borders (Goldstein, 1998; Masson, 1999; Goldstein, Kaminsky and Reinhart, 2000; Forbes, 2012) . 11 Under this hypothesis, domestic fundamentals are likely to play a dominant role in the international transmission 10 It has been observed that international trade and financial linkages are tightly linked, however, so that the former captures partly the latter, at least to some extent. Commercial transactions are a source of intelligence useful for informing foreign investment decisions (Antras and Caballero, 2007) ; and the existence of trade links may make foreign investments more secure insofar as strategic default is deterred by the threat of commercial retaliation (Rose and Spiegel, 2004) . In line with this, Aviat and Coeurdacier (2007) , Lane and Milesi-Ferreti (2008a) and (2008b), Martin (2009), Forbes (2010) and Coeurdacier and Rey (2011) report evidence that trade in goods is an important determinant of international financial investments. 11 Goldstein (1998) coined the phrase "wake-up call" in the wake of the Asian financial crisis, arguing that the Thai currency crisis of 1997 had prompted international investors to recognise that the so-called "Asian miracle" of the time was rather an "Asian mirage", which ultimately led to a reassessment of all other countries in the region. of a shock. I therefore consider a large array of country-specific macro fundamentals in the estimations, including domestic growth, inflation, public debt, trade balance and banking crises.
A final set of instruments pertains to global policy responses. The literature on self-fulfilling currency crises with multiple equilibria (see e.g. Morris and Shin, 1998; Sarno and Taylor, 2001) stressed the key role played by official communication by policy makers to avert crises or mitigate their effect. In these models, although each market participant may individually believe that a country's fundamentals are sound, uncertainty about beliefs may yet precipitate a crisis. If it is uncertain that some may believe that fundamentals are unsound, a crisis will occur, even though everyone is individually convinced that fundamentals are sound. This suggests a crucial role for timely and effective announcements by policy makers to stabilise markets, as announcements can help coordinate market participants' beliefs by restoring transparency and common knowledge about fundamentals. In my setting, credible announcements by policy-makers may therefore help mitigate the international transmission of large global stock market volatility shocks and partly shelter economies from these shocks.
To test this channel of international transmission, I first examine global policy responses to large global stock market volatility shocks and focus on the communication by the Group of Seven key industrialised economies (G7) and the Group of Twenty key industrialised and emerging economies (G20). The G7 between 1975 and 2009 and the G20 since 2009 have been the prime fora for international economic policy coordination. 12 Both the G7 and G20 have issued statements or communiqués at times of rising uncertainties and/or severe financial and economic stress, oftentimes with an explicit view to sending a strong signal to market participants. For instance, recent research suggests that G7 communication has been instrumental in managing global exchange rate configurations (Fratzscher, 2009) .
As an alternative to G7/G20 communication, I consider the impact of US monetary policy, using the change in the Fed's key policy rate as a metric, to test whether an easing in US monetary policy helps dampen the impact of global uncertainty and risk aversion shocks. 13 Finally, I also consider policy uncertainty measures, namely the indices constructed by Baker, Bloom and Davies (2012) for the US and Europe (which are available for a much shorter time period, however). A decline in policy uncertainty might also help dampen the impact of the shocks, to the extent that it may encourage private agents to resume spending on durable investment and consumption goods. 14 As most of the instruments included in vector Z are available at the annual frequency, they are lagged by one year to avoid endogeneiety (i.e. we have in Eq. (2)-(2'): τ -1 = t -12). In the case of policy-related variables (i.e. G7/G20 communication, policy uncertainty indices and US monetary policy), which are available at the monthly frequency, we use one month lags (i.e. we have in Eq. (2)-(2'): τ -1 = t -1).
Data
The baseline sample period is January 1885 to October 2011, i.e. my sample starts when the US became the largest economy in the world and ends shortly after its sovereign debt was downgraded by one rating agency for the first time in history. The sample contains up to 1,521 monthly observations for 17 (including the US) countries (with some observations missing for some countries), namely: Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Italy, Japan, Netherlands, Norway, Spain, Sweden, Switzerland, the United Kingdom and the United States. The US is included in the baseline sample, but excluded from the estimation in the robustness checks (as we will show hereafter the results are essentially not affected by the (excl)inclusion of the US in the estimation).
All data on financial asset prices are taken from Global Financial Data (GFD) and are sampled at the monthly frequency. With some 130 years of monthly data, it will come as no surprise that GFD's data may be drawn from several primary sources, including within countries, which implies that they may not be fully harmonised. In the absence of a straightforward alternative for a large set of countries over a century long time period, it is the "major source" (Barro and Ursúa, 2011, p. 6) for financial asset prices, however. Moreover, to the extent that my focus is on tail events, i.e. really large shocks, we can be reasonably confident that their effects should be visible from most primary data sources.
The raw data on equity market indices are in nominal and local currency terms. They are available since 1885 for four countries (Australia, Germany, the UK and the US); since 1914 at least for another eight countries; and no later than 1922 for the remaining countries. I take the government bond yield in nominal and local currency 14 Baker, Bloom and Davies build an index of US policy-related economic uncertainty since 1985 from components that measure three aspects: (i) the frequency of references to economic uncertainty and policy in a set of 10 leading US newspapers; (ii) the number of US federal tax code provisions set to expire in future years; and (iii) the extent of disagreement among economic forecasters over future US federal government purchases and the future US CPI price level. They also construct an index of European economic policy uncertainty (Germany, France, Italy, Spain, UK) which is analogous to their US newsbased index and available since 1993. Since both indices are available for much shorter time periods than my overall sample, I consider these indices in the robustness checks only. terms as the risk free rate, using the 10-year maturity for all countries, with the exception of Finland (5-year bond yield) and the United Kingdom (5-year note yield). Returns in local currency are then converted to US dollar returns using exchange rates vs. the US dollar, adjusted for re-denominations, when and where necessary.
The trade data are taken from Mitchell (1998a Mitchell ( , 1998b Mitchell ( and 1998c for the period 1885-1947 and from the IMF's Direction of Trade Statistics (DOTS) for the period 1948-2011. A few missing data points are replaced with their last known values. 15 In the calculations of X reg , one should be aware that bilateral trade data are available for only some of my 13 European countries prior to 1948. I therefore proxy the actual share of intra-European trade with that based on a subset of European countries reported in Mitchell pre-1948 , which I rebase to the actual share of intra-European trade (i.e. with the full set of 13 European trading partners) in 1948 (the first year available from the DOTS database).
As regards the instruments, I use Mitchell (1998a Mitchell ( , 1998b Mitchell ( , 1998c for the data on nominal GDP. To proxy the share of durables in the economy (i.e. the share of economic activity particularly prone to be affected by large global stock market volatility shocks due to non-convex labour and capital adjustment costs) I take the share of manufacturing in output. The latter also comes from Mitchell as well as -where data are missing-the Historical national Accounts database maintained by the Groningen Growth and Development Centre for the period 1885-2004. 16 After 2005, I use the OECD's Annual National Accounts database. Again, a few missing data points are replaced with their last known values. The data on real GDP per capita growth are from Barro and Ursúa (2008) prior to 2006 and from the WEO afterwards. I calculate annual inflation using CPI data obtained from GFD. The public debt data are from Ali Abbas et al. (2010) and the dates of systemic banking crises are from Reinhart (2010) . The dates of regular and ad-hoc communiqués by G7 and G20 Finance Ministers and Governors are from the G8-G20 information centre maintained by the G8-G20 Research Group of the University of Toronto. 17 The indices of US and European economic policy uncertainty are from Baker, Bloom and Davies (2012) . The data on the Fed's discount rate, Fed fund market rate and Fed fund target rate are from GFD.
IV. Results
Stylised facts
What are the main features of large global stock market volatility shocks in the last 130 years? Table 1 presents the main stylised facts on the 43 such shocks identified using Bloom (2009)'s methodology. They are ranked by decreasing size in σ-units terms (i.e. numbers of standard deviations of unanticipated stock market volatility). The three largest stock market volatility shocks that hit the global economy between 1885 and 2011 were, respectively: the market crash of October 1929 (an almost 8-σ shock); the (immediate aftermath of) Lehman Brothers' collapse in October 2008 (an above 6-σ shock); and the "Black Monday" market crash of October 1987 (an above 5-σ shock). In those months, unanticipated stock market volatility surged by between 35 and 50 percentage points (in annualised terms), peaking to 80% in October 1929. Figure 3 shows the distribution of the shocks by size. Large global stock market volatility shocks averaged 2.9-σ, which is equivalent to a 19 percentage points increase in (annualised) unanticipated volatility.
In terms of type, about half of the shocks (21) were economic ones. They include events as different as e.g. the panic of 1907 (March 1907) , which subsequently led to the creation of the Federal Reserve in 1913; the Russian and LTCM crises (September 1998); or the European sovereign debt crisis (September 2011). One other large global uncertainty and risk aversion shock is the first oil price shock of 1973, in the aftermath of the Kippur war. Roughly another half of the shocks are non-economic ones. They include 12 wars, such as the Anschluss of Austria by Germany (April 1938) that preluded World War II; the start of the Korean war (June 1950); that of the second Gulf War (February 2003); or the launch of Sputnik (October 1957), one of the peaks in diplomatic tensions during the Cold War. Other non-economic shocks include pure political events (e.g. the Russian revolution of November 1917) as well as terrorist attacks (e.g. the assassination of President Kennedy in November 1963 or 9/11 in September 2001). A few shocks (three in total) are mixed in nature, pertaining to both economic and political developments.
In terms of origin, upwards of three-quarters of the shocks stem from the US, with the remaining ones being common shocks. It is comforting that pure regional shocks, such as the Asian crisis of 1997-98, are not picked up by my identification scheme. Overall, 11 of the 17 events identified by Bloom (2009) as major stock market volatility shocks over 1962-2008 are also identified here over 1885-2011 (Bloom's remaining 6 events are not picked up as major shocks because they become too small in magnitude once the sample is extended by a further 80 years). Figure 4 provides an intuition for the relationship between international equity returns and large global stock market volatility shocks by plotting the former against the latter. The relationship is clearly negative, suggesting that the adverse impact of large global stock market volatility shocks on international equity markets increases with their size, and that most of the shocks are "bad" news shocks. There are exceptions to that, with some of the shocks being associated with a muted, or even positive, market reaction on average. Arguably, it is not always easy to distinguish conceptually "bad" shocks from "good" ones. For instance, the outbreak of a war is a seemingly "bad" shock for many sectors in the economy, but it can be at the same time a "good" shock for other sectors, such as weapon or steel industries, which can be expected to benefit sizeably from it. Table 2 reports estimates for the simple factor model of Eq. (1)-(2) with country-time varying beta loadings; fixed effects; time (5-year) effects; and robust-toheteroskedasticity and clustered heterogeneity standard errors. The US is excluded from specifications (2) and (4). "Massive" outliers (i.e. observations for which the monthly equity market return exceeded +/-30%, i.e. above twice the bottom/top 1%-ile of monthly returns across the sample) are excluded from specifications (3) and (4).
Simple factor model estimates
The unconditional beta loading for the global factor is found to be close to unity. This is very much in line with the earlier literature on international stock return comovements that assumed constant-unit betas (as in e.g. Heston and Rouwenhorst (1994) 's influential study) as well as with the more recent literature documenting that global factor exposures have increased from values close to zero to values closer to one as markets have become increasingly integrated in post-1970s data (see e.g. Harvey, 1997, 2000; Ng, 2000; Fratzscher, 2002) .
The unconditional beta loading for the regional factor is much smaller. It is insignificantly different from zero when the US is included in the sample (as in specification (1) and (3)), and slightly negative when the US is excluded therefrom. This suggests that regional developments helped international equity markets decouple slightly from global developments, although the magnitude of this effect is very small, at best.
Globalisation plays a significant role in driving the intensity of international stock return co-movements, however. The conditional beta loadings are statistically significant for both the global and regional factors, with a positive sign. This means that conditional betas can differ appreciably from their unconditional values, and that stronger global and regional trade linkages contribute to increase significantly global and regional equity market integration. 18 Not only do the estimates confirm earlier findings in the literature for recent decades (as in e.g. Baele and Ingehlbrecht, 2009 ), but they substantiate them further by showing that similar patterns were already present in earlier phases of 18 Taking the sum of the unconditional and conditional estimates (together with the values of global and regional trade), the global betas are in the order of 1.2, while the regional betas are on the order of 0.4 (see the discussion of Figure 5 and 6 hereafter). globalisation. Importantly, they show for the first time how crucially conditional betas varied not only with phases of expansion of globalisation, but also with phases of retrenchment, as in the interwar period.
The major impact on global equity market integration of long-run globalisation cycles, i.e. of protracted phases of expansion or retrenchment in global and regional trade openness, is evident from Figures 5 and 6 . The left quadrant of Figure 5 shows the evolution over time of the un-weighted cross-country average of the global beta estimates. The right quadrant shows the evolution of its corresponding standard deviation. Figure 6 plots similar data for the regional beta estimates.
Global equity market co-movements were relatively strong during the first era of globalization (pre-1914) . They declined after the outbreak of World War I to bottom in the 1930s as trade protectionism and capital controls became widespread. After 1945, global equity market integration has increased unabated, to peak just before the onset of the global economic and financial crisis of 2007/8. Regional market co-movements are somewhat more stable over time. One exception is World War II, which particularly disrupted trade relationships on the European continent, resulting in large swings in the estimated regional betas.
The overall fit of the model, at around 0.25-0.30, is very close to the one obtained on more recent samples (see e.g. . Is the model a good predictor of the large global stock market volatility events that occurred in the last 130 years? This is explored in Figure 7 which plots actual equity returns in the respective months of the 43 major stock market volatility events against fitted returns obtained with the model (using the specification in column 2 of Table 2 ). If the model predicted the relative severity of the impact of the shocks perfectly, observations should perfectly scatter along the 45degree line. The fit is arguably not perfect, but the model does a pretty good job. When I run a regression of actual on predicted returns indeed, I find: 
The slope coefficient is close to unity, and the adjusted R 2 over 50%, confirming the model's good fit. As seen from Figure 7 , it makes only a few big "misses" for some countries and events.
Of course, insofar as large global stock market volatility shocks can affect the global and regional factor themselves, such a simple factor model cannot distinguish between international equity market co-movements that are due to shock exposures from those that are due to global and regional market interdependence (over and beyond these exposures). Nor cannot it say much about what drives differences in exposures to large global stock market volatility shocks across countries and time. These differences may (or may not) depend on trade integration, alongside other potential theoretical determinants. This is what we take up with the decomposition model of the next section. Table 3 reports estimates of the decomposition model of Eq. (1')-(2') with a constant gamma loading (i.e. with Z = 0), fixed effects, time effects and robust-toheteroskedasticity and clustered heterogeneity standard errors. The US is excluded from specifications (2) and (4) and "massive" outliers from specifications (3) and (4).
Decomposition model estimates
The estimates for the global and regional beta loadings are very close to the simple factor model estimates, which underscores the robustness of the previous findings. Strikingly, the gamma loading (i.e. the average estimated impact of a large global stock market volatility shock on global equity markets) is found to be strongly significant and large in economic magnitude, with an estimate of about -1.2 per σ-shock unit (with σ ≈ 6.5% change in unanticipated volatility). In other words, a shock of average size (i.e. 2.9σ) is associated with a correction in global equity markets of about 22% in the month when the shock occurs. Such an estimated magnitude is not implausible. For instance, the actual decline of global equity markets during the collapse of Lehman Brothers (an over 6-σ global stock market volatility shock) averaged 25% in October 2008 alone, and a cumulated 43% between September and October 2008. The results are robust across different specifications, e.g. if one excludes the US from the estimation (as in columns 2 or 4 of Table 3 ) or outliers (as in columns 1 or 2). Unsurprisingly, the results are also unaltered if one adds to the model the main (i.e. direct) effects of global and regional trade linkages (which is unlike the conventional specifications of Ng, 2005, and Bekaert, Hodrick and Zhang, 2009 , which exclude the main effects), insofar as those are slow-moving variables that capture little of the variance of stock returns at the monthly frequency. The results are again robust if I use the US market return as an alternative to the global market return. In this case, the average estimated impact of a large global stock market volatility shock on global equity markets is actually 20% larger (with an estimate of about -1.4 per σ-shock unit).
Does the impact of the shocks vary according to their type? Figure 8 examines the issue and shows estimated gamma loadings broken down between economic shocks and non-economic shocks for both the full sample and three selected sub-periods (using specification 1 of Table 3 ). The nature of the shocks does matter. The estimated gamma loading is about -1 per σ-shock unit for economic shocks. But for non-economic shocks (i.e. wars, terrorist attacks, or other political events), it is close to be 50% larger, at almost -1.5. This suggests that the economically sizeable impact of global stock market volatility shocks on international equity markets is not merely a reflection of potential endogeneity issues, since results turn out to be stronger when the estimation is restricted to "strictly" exogeneous (i.e. non-economic) shock. This also indicates that my overall results, based on a mix of both economic and non-economic shocks, are rather on the conservative side.
The geographical origin of the shocks also matters, as shown in Figure 9 . The estimated gamma loading is about -1.1 per σ-shock unit for shocks originating in the US. For shocks originating outside the US (e.g. the Russian revolution of November 1917, the oil price shock 1973 or the European sovereign debt crisis of September 2011), it is about 30% larger, at around -1.4. This suggests that my estimates on the importance of the impact of large stock market volatility shocks for international equity markets are not uniquely driven by US-specific developments, thereby underscoring their more general character.
As a further sensitivity test, I included lags of the volatility shocks of various orders (one, three and six months) to assess whether there effect persists over time. None of the lags were found to be statistically significant, which suggests that the impact of the shocks is immediately discernible in equity markets and identifiable in the month when they occur, in line with the efficient market hypothesis.
To what extent is there heterogeneity across countries and time in the response of equity markets to large global stock market volatility shocks? And what explains this heterogeneity? Evidence on this is provided in Table 4 , which reports the full decomposition model estimates of Eq. (1')-(2') where all beta and gamma loadings are allowed to vary across both the country and time dimensions.
The gamma loadings are now interacted with the four classes of instruments reviewed in section III, namely: the share of the manufacturing sector (a proxy for durables in output composition); the share of bilateral trade with the US and the trade openness ratio (international linkages); a set of country-specific fundamentals (domestic growth, inflation, public debt, the trade balance and banking crises); and, as a proxy for global policy responses, G7/G20 communiqués release dates, changes in the Fed's key policy interest rates and indices of US and European policy-related economic uncertainty (results for the latter two are not reported for the sake of brevity, but are available upon request). As aforementioned, all these instruments are lagged. The regressions include country effects, time effects as well as the main (i.e. direct) effects of all the instruments on global equity returns (also not reported for the sake of brevity). Table 4 is the significant role played by international trade linkages in transmitting large global volatility shocks across equity markets. The interaction of the major stock market volatility shocks with the share of both bilateral trade with the US and the openness ratio are statistically significant and negative, either when they are included alone (as in column 2) or along with the other instruments (as in column 5). 19 There is no evidence that the remaining instruments play a role as international transmission channels, by contrast. The interactions of the major stock market volatility shocks with the proxies for output composition, country fundamentals and global policy response metrics are all found to be statistically insignificant indeed. 20 How economically important is the impact of international trade linkages in transmitting large global stock market volatility shocks across equity markets? Figure 10 shows the evolution of the cross-country average of the conditional gammas (obtained with specification 2 of Table 4 ). The figure in the right quadrant shows the evolution of their respective standard deviation. In a nutshell, the figure shows the evolution of both the average intensity of the reaction of international equity markets to the shocks, conditional on international trade linkages, and of its dispersion across countries (as a complement, the evolution of the conditional gammas in each country is shown in Figure  11 ).
What comes out clearly from
The figure underscores how much the way global equity markets have reacted to large global stock market volatility shocks over the last 130 years has depended crucially on the various phases of expansion and retrenchment of globalisation. The estimated impact of the stock market volatility shocks differs by a factor of up to a third, depending on the intensity of countries' integration into global trade. This is non-negligible, although still lower than the 80% difference in magnitude between the global equity market correction triggered by the Black Monday of 1929 and that triggered by the collapse of Lehman Brs in 2008, arguably.
Towards the end of globalisation's first era in 1914, conditional gammas averaged -1.25. This means that, on average, a large global stock market volatility shock was accompanied with a roughly 23% correction in global equity markets. By 1945, conditional gammas averaged less than -0.85, reflecting the severe disruptions in global economic, financial and monetary relations after the Great Depression and World War II. An identically large global stock market volatility shock was then associated with a milder correction, of some 16% (i.e. a third less) on average. But the relentless expansion in globalisation post-1945 led to a reversion of conditional gammas to an average of close to -1.3, equivalent to a global equity market correction of 24%, again for an identical shock. In other words, the results reveal a neglected channel through which long cycles of expansion and retrenchment of globalisation can affect interdependence between economies: they can heighten or dampen their exposure to large global stock market volatility shocks and acute surges in global uncertainty and risk aversion. 21 Figures 11 and 12 make globalisation's influence more concrete still. The figures plot the pre-1945 (post-1945) average of each country's gamma loadings against their respective pre-1945 (post-1945) trade openness ratios. In other words, they show how open economies are more affected by the shocks than more closed ones, on average, both before and after World War II. The observations nicely scatter around a downward sloping line, with a roughly similar slope. One outlier is Canada, which is even more vulnerable to large global stock market volatility shocks than its overall trade openness ratio would suggest, reflecting the overarching weight of the US economy in its trade relations.
The key messages that emerges from the figures is that highly open economies are far more affected than more closed ones by acute surges in global uncertainty and risk aversion. To take two post-1945 examples, an economy such as the Netherlands, whose trade openness ratio averaged 90% of GDP, has a conditional gamma loading 40% higher (in absolute terms) than a less open economy like Sweden, whose openness is only 50% of GDP. Even more extreme is the difference between Belgium, whose trade openness ratio averaged upwards of 100% of GDP, and has a conditional gamma loading 70% higher (in absolute terms) than that of Spain, whose openness ratio is merely 30% of GDP. 22
V. Conclusions
My paper has estimated the transmission of large global stock market volatility shocks to international equity markets from the earlier (pre-1914) to the modern era of globalisation. My estimates suggest that global equity market valuations correct on average by about 20% in the month when such shocks occur, and that the substantial heterogeneity in responses across both countries and time is driven by differences in global trade integration and the extent of globalisation itself.
Earlier literature, based on post-1970 data, had already provided evidence that global equity market co-movements tended to increase as the global economy had become increasingly integrated, notwithstanding significant time-variations. The much 21 This might partly echo Rajan (2005) 's point -in his discussion as to whether financial development had made the world riskier-that technological change, deregulation and new institutions had expanded opportunities while making financial risks created by the system at the same time greater. 22 The difference between the Netherland and Sweden's estimated conditional gamma loadings is -0.24. The difference between Belgium and Spain's estimated conditional gamma loading is -0.42. Both differences are to be compared with an unconditional gamma loading of -0.60 (see the second column of Table 4 ). longer perspective taken in this paper has allowed addressing a possible bias in this literature, which relates to its focus on a distinct period when globalisation had been trending upwards relentlessly. To my best knowledge, I have shown here for the first time how crucially conditional betas -the estimated intensity of global and regional equity market interdependence based on international trade linkages-varied not only with phases of expansion of globalisation, but also with phases of retrenchment, as in the interwar period. This suggests that global financial markets may experience protracted phases of integration, but also fragmentation. The price-based measures of global financial market integration over a full century presented in the paper might also help address limitations of quantity-based or regulation-based measures.
Previous literature had also shown that global political uncertainty was reflected in the equity return volatility of trade-dependent domestic industries, suggesting that trade brings in foreign political risk. My paper has uncovered the significant influence of globalisation and international trade linkages as transmission channels of acute surges in global uncertainty and risk aversion across equity markets. The equity markets of economies highly open to global trade have been significantly more affected than those of more closed ones by large global stock market volatility shocks over the last 130 years.
From a policy perspective, these results might be helpful in identifying countries that may be particularly vulnerable to acute surges in global uncertainty and risk aversion, thereby deserving specific attention in multilateral surveillance exercises of global financial spillovers. Note: the table presents an overview of the 43 large global stock market volatility shocks identified over the period 1885-2011 following the methodology of Bloom (2009) . Stock market volatility shocks are defined as months when unanticipated stock market (S&P 500) volatility is significantly high, i.e. in excess of 1.65 standard deviations above the Hodrick-Prescott detrended mean of the stock-market volatility series. We use a 6-month exclusion window to avoid counting the same shock twice. The immediate reported source of the shock is identified using the New York Times' online archives. See Section II for further methodological details. (1)-(2) with country-time varying beta loadings; fixed effects; time (5-year) effects; and robust-to-heteroskedasticity and clustered heterogeneity standard errors. The US is excluded from specifications (2) and (4) 0.982*** 1.003*** 0.996*** 1.020*** (0.086) (0.095) (0.088) (0.096) Global factor × openness 0.003** 0.003* 0.003** 0.003* (0.001) (0.001) (0.001) (0.001) Regional factor 0.021 -0.080*** 0.020 -0.081*** (0.107) (0.013) (0.108) (0.013) Regional factor × reg. trade 0.008*** 0.009*** 0.008*** 0.009*** (0.001) (0 (0.018) Regional factor × regional trade 0.008*** 0.009*** 0.008*** 0.008*** 0.009*** (0.002) (0.001) (0.001) (0.001) (0.001) Regional factor × shocks -0.006 -0. (2) and (4) and "massive" outliers (i.e. observations for which the monthly equity market return exceeded +/-30%, i.e. above twice the bottom/top 1%-ile of monthly returns across the sample) from specifications (3) and (4) Note: the figure shows the 43 large global stock market volatility shocks identified over 1885-2011, i.e. months when unanticipated stock market was significantly high, i.e. in excess of 1.65 standard deviations above its mean (using a 6-month exclusion window to avoid counting the same shock twice). 1900 1920 1940 1960 1980 2000 Time-varying beta w.t. regional factor Note: The figure in the left quadrant shows the un-weighted cross-country average of the time-varying regional factor beta loading estimates β reg obtained with the simple factor model of Eq.(1)-(2). The figure in the right quadrant shows the evolution of the dispersion of the global factor loadings across countries. Note: the figure shows the estimated equity market return elasticity gamma to a 1σ stock market volatility shock (≈ 6.5% change in unanticipated volatility) broken down between (i) economic shocks and (iii) non-economic shocks for the full sample and three selected periods using the encompassing model of Eq. (1')-(2'). Note: the figure shows the estimated equity market return elasticity to a 1-σ stock market volatility shock (≈ 6.5% change in unanticipated volatility) broken down between (i) shocks originating in the US and (iii) common shocks originating outside the US for the full sample and three selected periods using the encompassing model of Eq. (1')-(2'). Volatility in % (actual 1880-1985, implied 1986-2011) 1900 1920 1940 1960 1980 2000 Undetrended volatility Detrended volatility HP trend Note: the figure shows the monthly volatility of the US equity market (S&P 500) in percent per year over 1885-2011 (using implied volatility, i.e. the VXO index, for the period 1986-2011, and realised volatility, i.e. the standard deviation of monthly returns, for the period . The chart also shows the long-run equity market volatility trend (estimated using a Hodrick-Prescott filter with λ = 129,600) as well as the unanticipated (detrended) component of equity market volatility, which is used to identify stock market volatility shocks. Note: the table reports estimates for the orthogonalisation of the global factor (column 1) and the regional factor (column 2) as explained in section III. Standard errors are reported in parentheses; *** p<0.01, ** p<0.05, * p<0.1.
Selected examples of press articles of events reported to be at the origin of large global stock market volatility shocks 23
March 1898: Spanish-American War March 7, 1898 THE FINANCIAL MARKETS Again, throughout the past week, Wall Street's whole attention has been given to the talk of war. Although the scares have been fewer, the sensationalism milder, and the apprehensions less acute, there have been fears enough to make the diplomatic crisis the dominant Wall Street factor, and to produce a nervous and erratic market in the absence of any very definite news regarding the situation. The greatest general panic that Wall Street has ever known came upon the stock market yesterday, with the result that before it was checked many fortunes, the accumulation in some cases of years, had been completely swept away. The stock market suffered one of the most drastic declines of the year yesterday, following the receipt of dispatches which told of the Kerensky Government's downfall. 
1901: Panic of 1901
1917: Russian Revolution
1929: Black Thursday
